A field experiment was carried out on an Eutrustox (LATOSSOLO VERMELHO Eutroférrico típico) in São Paulo State, Brazil, with the objective of investigating the response of 'Nanicão' banana (Musa AAA Cavendish subgroup) to nitrogen and potassium fertilization under irrigated and non-irrigated conditions during two crop seasons. The effects of cropping on some soil chemical properties were also investigated. A split-plot design was used with irrigation (micro-sprinkler) and no irrigation applied to main plots and a combination of four rates of N (0, 200, 400 and 800 kg N ha -1 ) and K (0, 300, 600 and 900 kg K 2 O ha -1 ) as the sub-plots treatments. Irrigation caused a significant increase in fruit yield and determined the response to N and K fertilizers. In spite of a high level of exchangeable K, a positive response to K application was observed on the plant crop in non-irrigated plants. Fruit yield was impaired by N application in the plant crop (1 st cycle). A positive response to N application was observed in the 2 nd cycle. Soil pH decreased with increasing in N rates. Exchangeable K was significantly reduced due to crop exhaustion.
Introduction
Nowadays, the area occupied by banana production in Brazil is the second largest among fruits for consumption in natura. Banana is cultivated in nearly the entire country, showing significant diversity, especially with respect to the varieties and technological pattern of the plantations.
In almost all studies on banana, nutrition and fertilization are highlighted, with emphasis on the high nutrient requirements of the crop and the importance of their balanced supply. The crop requires large amounts of nitrogen and potassium (Twyford & Walmsley, 1974a , 1974b , 1974c Lahav & Turner, 1983; Martin-Prével, 1984; Soto, 1992; Lahav, 1995) .
Banana is a fast-growing plant requiring continual supply of nutrients and water for high yields. These nutrients may be partly supplied by the soil and by cycling within banana plantations, but fertilizer application is generally needed to satisfy the needs of the plant and to obtain profitable productions. According to Lahav (1995) , a crop yielding 50 t/ha of fresh fruit may extract from the soil (kg/ha) about 390 of N, 50 of P and 1440 of K. All reports about effects of irrigation on banana crops agree with the importance of this measure, although some slight differences in the extent of plant response to water supply may be found (Manica et al., 1975; Doorenbos & Kassam, 1979; Robinson & Alberts, 1986; Hegde & Srinivas, 1989; Srinivas, 1997) .
The objective of the present study was to assess the response of banana to nitrogen and potassium fertilization under irrigated and non-irrigated conditions during two crop seasons. The effects of cropping on some soil chemical properties were also investigated.
Materials and methods
This study was carried out in Jaboticabal, SP, Brazil (altitude 575 m, latitude 21 o 15' S) on an Eutrustox. The climate was classified as Cwa, according to Koeppen´s international classification. The results of soil analysis in samples taken at 64 sites at depths of 0-20 cm and 20-40 cm before the experiment are shown in Table 1 and the weather data recorded for the crop growth period are illustrated in Figure 1 .
Thermal phosphate (90 kg P 2 O 5 ha -1 ) was applied uniformly over the field. Before planting, the soil was subsoiled, ploughed, disked and furrowed. Planting fertilization consisted of thermal phosphate (80 kg P 2 O 5 ha -1 ) and 15 L of cow manure applied to the bottom of the furrow near planting hole. Tissue culture plants of 'Nanicão' ( Musa AAA Cavendish subgroup) were planted on October 1, 1997, at a rectangular spacing of 2 × 2.6 m.
A split-plot design was used, with irrigation (micro-sprinkler) and no irrigation applied to main plots and a combination of four rates of N (0, 200, 400 and 800 kg N ha -1 ) and K (0, 300, 600 and 900 kg K 2 O ha -1 ) as the sub-plots treatments, with two replications. Each sub-plot consisted of 20 plants (14 as guard plants). Rates of ammonium nitrate and potassium chloride (sources of N and K, respectively) were split in four applications per year during rainy season (October to April). Fertilizers were spread over an area of soil surface corresponding to maximum root activity (López & Espinosa, 1995) , without incorporation. Irrigation (micro-sprinkler) was scheduled considering class A pan evaporation and rainfall, with 2 or 3 days as irrigation interval.
Composite soil samples (12 sub-samples per sub-plot) were taken at each depth (0-20 cm and 20-40 cm) from the area of fertilizer application before the beginning of the experiment (September, 1997) and in October, 1999, in order to assess changes in soil chemical characteristics. Soil analysis was done according to official methods for the state of São Paulo (Raij & Quaggio, 1983; Raij et al., 1986) .
Third leaf laminas were sampled (after the first hand of male flowers could be seen on the inflorescence) as recommended by Martin-Prével (1984) ; samples from bunch stalk and fruits were also taken and their nutrient concentrations were determined.
Plant height from ground level to the bottom of the bunch stalk and pseudostem diameter were measured at flowering. Bunches were harvested at "full three quarters" stage of maturity and weighed and finger diameter and length (outside curve) of 2 nd upper hand were measured.
Data were analyzed using the SAS statistical package. GLM and MIXED procedures were used for analysis of variance and regressions, respectively.
Results and discussion
Soil -The most significant effects of N and K applications on soil chemical characteristics were detected on soil pH, base saturation and exchangeable K. Nitrogen fertilizer reduced soil pH ( Fig. 2-A ) and base saturation ( Fig. 2-B) . The acidity originating from N fertilizers is due to H + released from nitrification reactions and cation leaching and associated nitrate leaching (Tisdale et al., 1985) . Acidification caused by N fertilization is a potential risk for banana production due to some crop requirements as base saturation higher than 60% (Teixeira et al., 1996) and availability of Mg. Exchangeable K was affected by K fertilization and irrigation after two crop cycles (Fig.  3) . K depletion was greater in irrigated than in non-irrigated plots, a fact possibly attributable to an increase in K uptake by plants and in K leaching under irrigated conditions. After two crop cycles, minimum rates of K application necessary to maintain soil exchangeable K at same concentration as found prior to banana planting was assessed (Fig. 3) . The sustainability of banana plantations could be threatened by crop exhaustion of soil nutrient reserves, especially under irrigation and inappropriate inputs of fertilizers.
Nutrient concentrations -Irrigation had no effect on leaf N, P or K content (Table 2) , despite greater plant uptake caused by irrigation. An adequate water supply increased plant growth (Table 3) , probably diluting nutrients in a larger volume. The amounts of P and K removed by bunches were higher in irrigated than in non-irrigated plots (Table 2) and proportional to yield and plant growth. The removal of nutrients in the fruits is one of the factors that should be considered in determining fertilizer recommendations, as pointed out by Turner & Barkus (1982) .
N and K fertilization changed concentration of these nutrients in plant tissue in a quadratic manner (Fig. 5 ). The effect of N application on N leaf concentration was independent of irrigation. The optimum N concentration, 26 g kg -1 (Lahav & Turner, 1983) , was achieved with application of 250 kg N ha -1 in the 1 st cycle. N supply/uptake was not enough to reach the critical level in the 2 nd cycle. Leaf K content was influenced by K fertilization only under non-irrigated conditions, demonstrating the dependence between response to K fertilizer and water supply as stated by Thomas & Bertsch (1985) .
Crop cycle, growth and fruits -Crop cycle was hastened by increased rate of N addition (Fig. 4) . In the 1 st cycle, yield reduction observed with increasing N rates ( Fig. 7 -A) may have been related to a shortening of crop cycle. Planting material (tissue culture) was transferred to the field quite late, flowering earlier than is usual for the region and not having enough time to accumulate the reserves necessary for fruit production. Irrigation (Table 3) and N and K addition (Fig. 6) influenced plant growth. The response of pseudostem diameter to K application was greater under non-irrigated conditions.
While irrigation affected some aspects of plant nutrition, it had a much stronger effect on fruit yield (Table 3 ) and influenced the response to N and K fertilizers (Figs. 7 and 8) .
In the 1 st cycle (plant crop), fruit yield was impaired by N application, probably due to shortening effect of N on crop cycle (Fig. 7) . A positive response to K fertilizer was observed despite the high level of extractable soil K. The greater response to K observed under non-irrigated conditions confirms the importance of an adequate water supply for banana nutrition. Water availability allowed plants to uptake K from soil reserves. In the 2 nd cycle, the effect of K application on yield was not significant and a quadratic effect of N application was noticed (Fig. 8) . The effect of N increasing rates on fruit dimensions was similar to that observed for fruit yield, i.e. negative in the 1 st cycle and quadratic in the 2 nd (Fig. 9) . Usually, crop responses to N application vary according to environmental conditions. In contrast, positive effects of K fertilization are presented on numerous publications (Ho, 1969; Lahav, 1972; Turner & Barkus, 1980; Turner & Barkus, 1982) .
Economical application rates of N and K fertilizers were calculated for banana in two crop cycles ( (1) Values in columns for the same crop cycle followed by the same letter do not differ significantly
x s =Standard error of the mean. (1) Monetary ratio: application of 1 t of N costs 8.17 t of fruits; application of 1 t of K2O costs 4.63 t of fruits.
(2) Rate not assessed (effect of fertilizer was not significant p>0.05). 
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